Abstract. Efficiency and sustainability are the most important and focused issues today. Industrial systems are the main working field to reduce energy consumption because of its share in the total amount of energy. According to TSI (Turkey Statistical Institute) data, industry sector in Turkey consumed 47.1% of total electrical energy in 2013. Electric motor-based systems are the important type of electrical loads in the industry. In the European Union, these systems are estimated to account for about 70% of all industrial electricity consumption. Since 1998, the motor producers and the standard organizations are trying to classify electrical motors by efficiency with standard methods. Nowadays, in EU and the other relevant countries, the IEC standard methods are used to determine the efficiency class of the induction motors. The latest standard was published in December 2014 with the code IEC 60034-2-1. In this study, an IE3 class 22 kW 4 poles induction motor was tested and the efficiency value was calculated by using IEC 60034-2-1 standard method. And the results were evaluated according to eco-design requirements for electric motors (EU 640/2009). The study covers all tests and calculation steps clearly in this paper.
Introduction
The first formation about efficiency in electric motors was founded in 1998 by CEMEP (European Committee of Manufacturers of Electrical Machines and Power Electronics). The Committee's main issue was to protect consumers and prevent unfair competition in the electric motor production sector. As part of the voluntary agreement between CEMEP and the European Commission, three efficiency classes were defined for the power range of 1.1 kW to 90 kW [1] .
• EFF3 = Motors with a low efficiency level The classifying standard covers the 2, 4, 6 or 8 poles motors that have a rated voltage U N above 50 V up to 1 kV and are capable of continuous operation at their rated power with a temperature rise within the specified insulation temperature class. These motors ambient temperature is within the range of -20 °C to + 60 °C and marked with an altitude up to 4,000 m above sea level [3] . The measuring method is also updated with the development of the other standards like classifying standard. The method was established IEC 60034-2-2 and updated in 2007 as IEC 60034-2-1 and the last changes was applied in 2014. The classifying standards IEC 60034-30-1 mentions that efficiency and losses should be verified in according to IEC 60034-2-1 standard with the ideal method of the specific motor type as given in IEC 60034-2-1:2014 [2, 3] . A study was published by Renier in 1999 about Comparison of IEEE 112-1996, IEC 34-2 -IEC 34-2A and JEC standards for determining efficiency of three phase induction motors [4] . A previous study was published by Cao in 2009. It describes a comparative study of induction motor testing standards IEEE 112 and the old version of IEC 60034-2-1:2007. Six induction motors were tested following two standards and the results are compared with regard to their instrumental accuracy and test techniques [5] . There are some papers describe a set of experiments and discusses their results for determining the efficiency of the induction motors [6, 7] .
In this study, an IE3 class 22 kW, 4 poles induction motor was tested and the efficiency was calculated by using IEC 60034-2-1:2014 standard method. The standard contains differences between the previous one such as test order. The study covers all new tests and calculation steps very clearly in this paper. The standard IEC 60034-2-1:2014 version "method 2-1-1B Summation of losses, additional load losses according to the method of residual loss" was used to determine the efficiency of the sample motor and IEC 60034-30-1 was used the match the efficiency class and the results were evaluated according to EU directive eco-design requirements for electric motors (EU 640/2009) [8, 9] .
The Motor Test Laboratory
The test laboratory is located in Turkish Standards Institute Campus in Turkey / Kocaeli. The laboratory is commissioned in March 2015 and also accredited from TURKAK (Turkish Accreditation Agency). TURKAK is a full member of EA (European Cooperation for Accreditation), IAF (International Accreditation Forum), and ILAC (International Laboratory Accreditation Cooperation) [10] .
The Motor Test Sequences
The standard covers all rotating electrical machines and defines three different ideal procedures with low uncertainty within the given range of application. The method 2-1-1B is "summation of separate losses, additional load loss determined by the method of residual loss" to be applied for all three-phase motors with rated output power up to 2 MW [8] . According to sample properties which are given in Table 1 the method 2-1-1B was used to determine the efficiency. This method determines the efficiency by the summation of separate losses; which are named iron loss, windage and friction losses, stator and rotor copper losses, additional load losses. The test method gives an obligation to trace a path about the tests. These tests are interconnected to each other and the test personnel should follow the instructions. The initial conditions to start the test protocol for instance room temperature should be equal or very similar to normal operating conditions. The tests starts with cold winding resistance measurement and in every independent test, the winding resistance should be measured at the beginning and at the end of the tests. The test sequences with the order are cold resistance, S1 -rated load test, LCload curve test, NL -no-load test.
A. Cold Resistance Test
Winding resistance R LL that was shown in Fig. 1 is the ohmic value that is determined by measuring the line-toline arithmetic average resistance of the stator when the sample adapted the initial conditions of the test room. Before the test, the room temperature and the winding temperature should be written. The cold resistance is important to all calculations because of the related equations and temperature rise of the windings. Cold resistance measurement results of the motor are given in Table 2 . 
B. Rated Load Test (S1 Test)
The test was performed according to clause 6.1.3.2.1. The motor should be loaded by suitable means with rated output power and operated until thermal equilibrium is achieved. When the thermal equilibrium is achieved, the winding temperature rate of change 1 K or less per half hour. This temperature rise up test simulates the motor normal operating conditions at rated load. As a result of this test the winding temperature and winding resistance takes the rated operating value. During the test, , , , , , , values should be recorded. The standard EN 60034-1 describes three different temperature measurement method; resistance method, embedded temperature detector (ETD) method, thermometer method. The resistance method is the better and useful one. But to detect the thermal equilibrium position a thermocouple is probably the best device to use, and thermocouple is to be located as closely as possible to the stator windings as possible. By the way, when the temperature rate of change 1 K or less per half hour, the test will be stop and the resistance will be measured [11] .
The , are refers to the input and output power (W), is the torque value (Nm), is the current during the S1 test (A), is supply voltage (V), is the operating speed (rpm), is the supply frequency (Hz), is the power factor. The test's main idea is measuring the winding temperature and to calculate the temperature correction factor . The winding resistance values were recorded during the test, shall be referred to a standard reference temperature of 25 °C. The correction factor is used to adjust the winding resistance to a standard reference coolant temperature. The measured winding temperature should be determined by the resistance change method that explained in 8.6.2.3.3 of IEC 60034-1. 
The is the measured resistance value after the rated load test that given in Table 3 . The resistance should be read in 30s time interval when the test is finished. The is the measured coolant temperature when the S1 test was finished. The winding temperature is calculated from eqn. (1) and correction factor is calculated from eqn. (2) . The value is the ambient temperature after the S1 test. 
The Efficiency Calculations

A. Constant Losses
The constant losses calculations depend on no-load test outputs and the methodology explained in clause 6.1.3.2.5. Subtracting the no-load winding losses (W) (according to the eqn. (3)) from the no-load input power (W) gives the constant losses (W) explained in eqn. (4) , that are the sum of the friction, windage W and iron losses (W). Determined the constant losses for each value of voltage are recorded.
* *
The is the recorded current value at each voltage ratio from the no-load test. The is the winding resistance value of each voltage point should be calculated by interpolating the resistances before and after the test linearly with the electrical power . The interpolation curve shown in Fig.2 and the results are given in Table 6 .
In order to separate the constant losses, standard offers two different calculation methods depend on the different voltage levels. The first four point; 110%, 100%, 95% and 90% of rated voltage are used for the determination of iron losses and the last four point 60%, 50%, 40% and 30% of rated voltage are used for the determination of windage and friction losses. The method describes a curve shown in Fig. 3 of constant losses against the squared voltage points between 60% of voltage and 30%. In order to find the friction and windage losses at approximately synchronous speed, line extrapolated to zero voltage and determined the intercept at zero voltage. By using the last four point of nominal voltage, standard trying to minimize the iron losses effect on the constant losses. And taking zero voltage response of curve is an acceptance of method.
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The standard describes another curve to find the iron losses by using values of voltage between 90% and 110% of rated voltage against to . To determine the the eqn. (5) is used and the results are given in Table 7 .
(5) To determine the iron losses at full load, the standard describes a new voltage value for motor from eqn. (6) . Voltage values corresponding to the value in the curve which is shown in Fig. 4 should be used which was measured resistance value before the load curve test. For other resistance values in between 0% and 100% load points the linear interpolation curve fitting operation was performed. The resistance against loading ratio curve is given in Fig.5 .
For calculating the variable loses the eqns. (2), (3), (7), (8) , (9) factor should be considered. The corrected rotor winding losses are determined using the corrected value of the stator winding losses that indicated in eqns. (10) and (11) . With the corrected stator and rotor winding losses, the corrected input power is calculated from eqn. (12). The calculation results of variable losses are given in Table 8 . All corrections supplies the homogeneous results between the test laboratories. 
C. Residual Losses
The calculations depend on all test outputs without multiplying correction factor and the methodology is explained in clause 6.1.3.2.6. The residual loss is an estimate of the undetermined loss, so the correction factor should be not considered to get more accurate results. The residual losses should be determined for each load point from eqn. (14) by subtracting from the input power: the output power that given in eqn. (12), the uncorrected stator winding losses at the resistance of the test, the iron losses, the windage and friction losses, and the uncorrected rotor winding losses corresponding to the determined value of slip that given in eqn. (13). 
The residual loss data should be smoothed by using the linear regression analysis based on expressing the losses as a function of the square of the load torque according to the relationship that given in eqn. (15-16). So the Fig. 6 shows the smoothing of the residual loss data. The correlation coefficient should be calculated for the regression analysis and in this case 0.99. When the correlation coefficient is less than 0.95, the worst points should be deleted and the regression should be repeated. If correlation coefficient is less than 0.95, the test was unsatisfactory and errors in the instrumentation or test readings, or both, are indicated. The source of the error should be investigated and corrected, and the test should be repeated. In case of sufficient test data, a correlation coefficient of 0.98 or better is possible. In this study residual losses calculation results are given in Table  9 and the correlation coefficient is shown in Residual losses Fig. 7 .
D. Determining Efficiency
The calculation methodology is explained in clause 6.1.3.3. The total losses given in eqn. (18) should be taken as the sum of the adjusted iron losses, the corrected friction and windage losses that given in eqn. (17), the load losses and the additional load losses. * 1 .
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Conclusion
The energy efficiency is the most important issue for induction motors in industrial use. Hence, the standardization is gaining importance. The standard method should be used to get the same results in everywhere in the world.
In this paper, the IEC 60034-2-1:2014 standard method 2-1-1B is used for to determine the efficiency level for an IE3 labeled 22 kW 4 pole squirrel cage induction motor. The test results are evaluated according to EC 640/2009 directive. The importance of efficiency determination takes part for market control in EU. In EU the mandatory applications started since June 16, 2011 with and obligation that specified minimum efficiency IE2 for induction motors. From January 2015 minimum efficiency IE3 should be maintained for power ratings from 7.5 kW to 375 kW or efficiency IE2 and plus frequency inverter should be supplied. And in January 1, 2017 the lower limit is going to be 0.75 kW for induction motors [9] .
Different from former version of the standard, the new version well defines S1, LC, NL test steps and test order clearly and serves an obligation for resistance measurement before and after test. Standard's thermal equilibrium represents the motor's rated operating conditions in S1 test. The winding resistance in warm condition is important for calculating the correlation factor also comes from the S1 test. The tests are interconnected the LC test should start after the S1 warm resistance measurement. The variable losses calculated from the LC test results. The last test NL is used for calculating constant losses. Consequently, the new standard method and the EC regulations are relevant and integrate each other.
